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DESCRIPTION 

SOLID STATE IMAGE PICKUP DEVICE AND METHOD OF 
MANUFACTURING SOLID STATE IMAGE PICKUP DEVICE 

Technical Field 

The present invention relates to a solid state 
image pickup device and a method of manufacturing a solid 
state image pickup device, preferable for use for a CCD 
(Charge Coupled Device) or the like. 

Background Art 

In recent year, attendant on the reduction in size 
of the unit cell in solid state image pick devices, 
development of a technology for enhancing sensitivity per 
unit area has been urgently required. As a means for 
meeting the requirement, for example, in a CCD type solid 
state image pickup device using an n-type semiconductor 
substrate, there may be contemplated an approach in which 
the so-called overflow barrier usually formed at a depth 
of about 3 Aim from the surface of the substrate is formed 
at a deeper position (for example, in the range of 5 to 
10 ix m) so as to extend the depletion layer, thereby 
enhancing the sensitivity. It should be noted here, 
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however, that if the overflow barrier is formed at a deep 
position, holes accumulated in the overflow barrier 
region would not be discharged, so that a phenomenon of 
saturated charge quantity or the so-called shading would 
be generated. In view of this, conventionally, a 
technology has been proposed in which, as for example 
shown in Fig. 8A, in a CCD type solid state image pickup 
device, a P-type impurity region 2 3 is formed between 
pixels 22a and 22b adjacent to each other in a direction 
parallel to a vertical transfer register 21 so as thereby 
to alleviate the potential barrier and to permit the 
holes accumulated in the overflow barrier region to be 
easily discharged to the substrate surface (see, for 
example, Japanese Patent Laid-open No. Hei 11-289076). 

Meanwhile, in the above-mentioned conventional 
technology, since the P-type impurity region 23 is formed 
between the pixels 22a and 22b, not only the holes in the 
overflow barrier region can be discharged to the 
substrate surface but also the barrier between the pixels 
22a and 22b can be enlarged by the P-type impurity region 
23, making it difficult for the mixing of signals between 
the pixels 22a and 22b adjacent to each other in the 
vertical direction to be generated. However, the P-type 
impurity region 23 in the past is formed only at a part 
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of the portion between the pixels 22a and 22b as shown 
for example in Fig. 8B, so that a sufficient potential 
barrier cannot be formed, and the mixing of signals 
cannot necessarily be prevented. 

In order to form the P-type impurity region 23, it 
is necessary to implant ions, for example, boron (B) ions, 
into an n-type semiconductor substrate. The P-type 
impurity region 23 in the past, however, is provided 
principally for discharging the holes, so that it 
suffices for the P-type impurity region 23 to be able to 
alleviate the potential barrier; from this point of view, 
the P-type impurity region 23 has been formed at a depth 
comparable to the depth of the vertical transfer register 
21 by ion implantation at an energy of several tens of 
kilo electron volt (KeV) , for example. Therefore, in 
order not to influence the potential of the vertical 
transfer register 21, i.e., in order not to hamper the 
transferring action in the vertical transfer register 21, 
it is necessary to secure a certain distance (to provide 
a gap) between the P-type impurity region 23 and the 
vertical transfer register 21. In the conventional 
technology, therefore, a sufficient potential barrier 
cannot be formed between the pixels 22a and 22b, so that 
it may be impossible to prevent the mixing of signals. 
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Accordingly, it is an object of the present 
invention to provide a solid state image pickup device 
and a method of manufacturing a solid state image pickup 
device by which it is possible to prevent the mixing of 
signals between adjacent pixels even in the case where 
the overflow barrier is formed at a deep position for the 
purpose of enhancing the sensitivity per unit area. 

Disclosure of Invention 

The present invention pertains to a solid state 
image pickup device devised for attaining the above 
object. Specifically, according to the present invention, 
there is provided a solid state image pickup device 
having an image pickup region including a plurality of 
photo-sensors and a transfer register for transferring 
signal charges accumulated in the photo- sensors , the 
image pickup region formed on the face layer side of a 
substrate, wherein the solid state image pickup device 
further includes an impurity region portion formed 
continuously in a direction orthogonal to the transfer 
direction of the transfer register over roughly the 
entire region of the image pickup region, the impurity 
region portion provided at a position corresponding to a 
position between the photo-sensors adjacent to each other 
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along the transfer direction of the transfer register in 
the semiconductor substrate. 

In the solid state image pickup device configured 
as above, the photo-sensors each accumulate therein 
signal charges in an amount according to incident light 
by photo-electric conversion. In addition, the transfer 
register receive and transfer the signal charges 
accumulated in the photo-sensors. Here, the transfer 
register is a transfer register constituting the image 
pickup region, and, for example in a CCD type solid state 
image pickup device in which a plurality of photo-sensors 
are arranged in two-dimensional matrix pattern, a 
vertical transfer register corresponds to the transfer 
register constituting the image pickup region. 

In the solid state image pickup device configured 
as above, the impurity region portion is formed at a 
position corresponding to a position between the photo- 
sensors adjacent to each other along the transfer 
direction of the transfer register. The impurity region 
portion is composed of an impurity region; for example, 
where the semiconductor substrate is either one of p-type 
and an n-type, the impurity region is formed by use of an 
impurity of either one of p-type and n-type which is 
different from the type of the semiconductor substrate. 
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Besides, the position corresponding to a position between 
the photo-sensors includes not only a position which is 
located at roughly the same depth as each photo- sensor 
and located between the photo-sensors but also a position 
which is deeper than each photo-sensor, is not located 
between the photo-sensors but is located between the 
photo-sensors in plan view as viewed from the face layer 
portion side of the semiconductor substrate. 

Further, the impurity region portion is 
continuously formed in a direction orthogonal to the 
transfer direction of the transfer register, over roughly 
the entire region of the image pickup region, i.e., over 
the range from one end (inclusive of the vicinity 
thereof) to the other end (inclusive of the vicinity 
thereof) of the image pickup region. In other words, for 
example in the case where the transfer register is a 
vertical transfer register, the impurity region portion 
is continuously formed in a horizontal direction. 
According to the solid state image pickup device 
configured as above, therefore, the impurity region 
portion is continuously formed, so that a sufficient 
potential barrier can be formed between the photo-sensors, 
and the mixing of signals can be prevented. 
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Brief Description of Drawings 

Fig. 1 is a schematic diagram showing the general 
configuration of a solid state image pickup device to 
which the present invention is applied; 

Fig. 2A is a schematic diagram showing an exemplary 
configuration of a major part in a first embodiment of 
the solid state image pickup device according to the 
present invention, and is a plan view; 

Fig. 2B is a schematic diagram showing the 
exemplary configuration of the major part in the first 
embodiment of the solid state image pickup device 
according to the present invention, and is an A-A 
sectional view; 

Fig. 3A is a schematic diagram showing an exemplary 
configuration of a major part in a second embodiment of 
the solid state image pickup device according to the 
present invention, and is a plan view; 

Fig. 3B is a schematic diagram showing the 
exemplary configuration of the major part in the second 
embodiment of the solid state image pickup device 
according to the present invention, and is a B-B 
sectional view; 

Fig. 4 is a schematic diagram showing an exemplary 
configuration of a major part in a third embodiment of 

7 



S03P1374 



the solid state image pickup device according to the 
present invention, and is a sectional view along line C-C 
of Fig. 2A; 

Fig. 5 is a schematic diagram showing an exemplary 
configuration of a major part in a fourth embodiment of 
the solid state image pickup device according to the 
present invention, and is a sectional view along line D-D 
of Fig. 2A; 

Fig. 6A is a schematic diagram showing an exemplary 
configuration of a major part in a fifth embodiment of 
the solid state image pickup device according to the 
present invention, and is a plan view; 

Fig. 6B is a schematic diagram showing the 
exemplary configuration of the major part in the fifth 
embodiment of the solid state image pickup device 
according to the present invention, and is an E-E 
sectional view; 

Fig. 7A is a schematic diagram showing an exemplary 
configuration of a major part in a sixth embodiment of 
the solid state image pickup device according to the 
present invention, and is a plan view; 

Fig. 7B is a schematic diagram showing the 
exemplary configuration of the major part in the sixth 
embodiment of the solid state image pickup device 
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according to the present invention, and is an F-F 
sectional view; 

Fig. 7C is a schematic diagram showing the 
exemplary configuration of the major part in the sixth 
embodiment of the solid state image pickup device 
according to the present invention, and is a G-G 
sectional view; 

Fig. 8A is a schematic diagram showing the 
exemplary configuration of a major part of a solid state 
image pickup device according to the related art, and is 
a plan view; and 

Fig. 8B is a schematic diagram showing the 
exemplary configuration of the major part of the solid 
state image pickup device according to the related art, 
and is an H-H sectional view. 

Best Mode for Carrying Out the Invention 

Now, the solid state image pickup device according 
to the present invention will be described below, based 
on the drawings. Here, description will be made by taking 
as an example the case where the present invention is 
applied to a CCD type solid state image pickup device 
using an n-type semiconductor substrate. 
[First Embodiment] 
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Here, a solid state image pickup device according 
to a first embodiment will be described. First, the 
general configuration of the solid state image pickup 
device will be described. Fig. 1 is a schematic diagram 
showing an exemplary general configuration of the solid 
state image pickup device to which the present invention 
is applied. As shown in the figure, the solid state image 
pickup device to be described here includes a plurality 
of photo-sensors 1 arranged in a two-dimensional matrix 
pattern, vertical transfer registers 2 arranged on the 
basis of each column in the two-dimensional arrangement, 
and channel stops 3 arranged along the vertical transfer 
registers 2, and they constitute an image pickup region 4. 
Of the solid state image pickup device, the photo-sensors 
1 are for accumulating signal charges by photo-electric 
conversion, and function as photo-sensors in the present 
invention. The vertical transfer registers 2 are for 
transferring the signal charges accumulated in each 
photo-sensor 1, in the vertical direction in the two- 
dimensional arrangement. The channel stops 3 are for 
separation between each photo-sensor 1 and the vertical 
transfer register 2 . 

In addition to the image pickup region 4 as above, 
the solid state image pickup device includes a horizontal 
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transfer register 5 arranged at one end of the image 
pickup region 4, and an output portion 6 connected to the 
last stage of the horizontal transfer register 5. The 
horizontal transfer register 5 receives signal charges 
from each vertical transfer register 2, and transfer the 
signal charges in a horizontal direction in the two- 
dimensional arrangement. The output portion 6 is composed 
of a floating diffusion amplifier, other processing 
circuits or the like, and is for applying a predetermined 
signal processing to the signal charge outputted from the 
horizontal transfer register 5. 

Next, the sectional structure of the solid state 
image pickup device having the above-mentioned plan view 
structure will be described. Figs. 2A and 2B are 
schematic diagrams showing an exemplary configuration of 
a major part in the first embodiment of the solid state 
image pickup device according to the present invention. 
As shown in the figures, the solid state image pickup 
device has a pixel structure in which an n" epitaxial 
layer 11, an overflow barrier region 12 composed of a p- 
type well layer, a high-resistance semiconductor region 
13 lower than the overflow barrier region 12 in p-type 
impurity concentration, the photo-sensor 1, the vertical 
transfer transistor 2 and the like are sequentially 
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laminated on an n-type silicon (hereinafter referred to 
as u Si") substrate 10. Specifically, the above-mentioned 
photo-sensors 1 and vertical transfer registers 2 and the 
like are formed on the face layer portion side of the 
semiconductor substrate constituting the solid state 
image pickup device. On the upper side of the vertical 
transfer register 2, a transfer electrode 14 for causing 
the vertical transfer register 2 to transfer the signal 
charge i s formed . 

In the sectional structure as above, the overflow 
barrier region 12 may not necessarily be composed of the 
p-type well layer. In other words, where the type of the 
impurity semiconductor in the Si substrate 10 is a first 
conduction type and the type of the impurity 
semiconductor in the overflow barrier layer 12 is a 
second conduction type, it suffices for the second 
conduction type to be of a type different from the first 
conduction type. Therefore, where the Si substrate 10 is 
of p-type, the overflow barrier region 12 is composed of 
an n-type well layer. In addition, a semiconductor region 
13 formed on the overflow barrier region 12 may not 
necessarily be composed of the p-type impurity, and it 
suffices for the semiconductor region 13 to be of any of 
the first conduction type, the second conduction type, 
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and an intrinsic type. 

Meanwhile, the solid state image pickup device 
being described here is conspicuously characterized by 
having impurity region portions 15 formed in the 
semiconductor region 13 . Like the overflow barrier region 
12, the impurity region portions 15 are comprised of an 
impurity of the second conduction type, i.e., for example, 
a p-type impurity region, and, preferably, the impurity 
concentration in the impurity region portions 15 is 
higher than that in the overflow barrier region 12 . As 
shown in Fig. 2A, the impurity region portion 15 is 
located at a position corresponding to a position between 
the photo-sensors 1 adjacent to each other in the 
vertical direction of the two-dimensional arrangement, 
and, as shown in Fig. 2B, it is continuously formed in 
the horizontal direction of the two-dimensional 
arrangement over roughly the entire region of the image 
pickup region 4. Here, the position corresponding to a 
position between the photo-sensors 1 includes the meaning 
of a position which is between the photo-sensors 1, 
namely, a position which is at roughly the same depth as 
the photo-sensors 1 and located between the photo-sensors 
1, and a position which is deeper than the photo-sensors 
1 so as not to be located between the photo-sensor 1 but 
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which appears between the photo- sensors 1 when viewed on 
a plan view basis from the face layer portion side of the 
semiconductor substrate. Besides, the expression "roughly 
the entire region of the image pickup region 4" means the 
range from one end (inclusive of the vicinity thereof) to 
the other end (inclusive of the vicinity thereof) of the 
image pickup region 4 . 

Further, the impurity region portion 15 is formed 
at a position deeper than the vertical transfer registers 
2, as viewed from the face layer portion side of the 
semiconductor substrate. This ensures that the impurity 
region portion 15 avoids the formation positions of the 
vertical transfer registers 2 and is continued in the 
horizontal direction on the lower side of the formation 
positions. Besides, since the impurity region portion 15 
is formed at the position corresponding to a position 
between the photo-sensors 1, the impurity region portions 
15 are formed in the shape of stripes extending in the 
horizontal direction, as viewed on a plan view basis from 
the face layer portion side of the semiconductor 
substrate . 

The impurity region portions 15 can be formed by 
implanting ions of, for example, boron (B) , which is a p- 
type impurity, into the n-type Si substrate 10. It should 
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be noted here that, in order to form the impurity region 
portions 15 at positions deeper than the vertical 
transfer registers 2, the implantation energy is not less 
than several hundreds of kilo electron volt. Further, for 
the impurity region portions 15 to continue in the 
horizontal direction, the ion implantation is carried out 
by utilizing patterning corresponding to the shape of 
stripes extending in the horizontal direction. 
Incidentally, the methods of producing the other portions 
may be the same as in the related art, and, therefore, 
description thereof is omitted here. 

In the solid state image pickup device configured 
as above, the impurity region portions 15 are each formed 
at a position corresponding to a position between the 
photo-sensors 1 adjacent to each other in the vertical 
direction, and the impurity region portions 15 is each 
continuously formed in the horizontal direction over 
roughly the entire region of the image pickup region 4 . 
Namely, the impurity region portion 15 as a barrier 
region is formed not at a part of the portion between 
pixels as in the related art but over the entire region 
of that portion. Therefore, a sufficient potential 
barrier can be formed between the photo- sensors 1 
adjacent to each other in the vertical direction, and the 
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mixing of signal charges in the vertical direction can be 
prevented. Therefore, according to the solid state image 
pickup device in this embodiment , the mixing of signal 
charges between the adjacent pixels can be prevented, 
even in the case where the overflow barrier region 12 is 
formed at a deep position for the purpose of enhancing 
the sensitivity per unit area. 

Furthermore, according to the solid state image 
pickup device in this embodiment, the impurity region 
portions 15 are formed at positions deeper than the 
vertical transfer registers 2, so that the interference 
of their potential on the vertical transfer registers 2 
can be precluded. Namely, a sufficient potential barrier 
can be formed between the photo-sensors 1 without 
hampering the transfer actions of the vertical transfer 
registers 2, and prevention of the mixing of signal 
charges in the vertical direction can be thereby 
contrived. Moreover, the impurity region portions 15 can 
be formed by simply implanting the ions of the p-type 
impurity into the deep positions and, in addition, the 
transfer electrodes 14 and the like configured in the 
same manner as in the related art can be utilized as they 
are, so that the favorable potential barrier can be 
easily realized without complication of the configuration. 
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In addition, in the solid state image pickup device 
in this embodiment, the impurity region portions 15 are 
formed in the semiconductor region 13, so that the 
potential barrier on the holes by the semiconductor 
region 13 in the range from the overflow barrier region 
12 to the surface of the semiconductor substrate can be 
alleviated, and the holes accumulated in the overflow 
barrier region 12 can be discharged to the surface of the 
semiconductor substrate. Therefore, it is possible to 
obviate such problems as a phenomenon of saturated charge 
quantity, and generation of shading. 

From the foregoing, it can be said that the solid 
state image pickup device in this embodiment is suitable 
for a reduction in size of solid state image pickup 
device without causing a lowering in picked-up image 
quality, since the mixing of signals between the adjacent 
pixels can be prevented while enhancing the sensitivity 
per unit area, and such problems as shading can be 
prevented from occurring. 

While description has been made by taking as an 
example the case where the impurity region portions 15 
are formed at positions deeper than the vertical transfer 
registers in this embodiment, the impurity region 
portions 15 may, for example, be formed at positions 
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shallower than the vertical transfer registers 2 insofar 
as the impurity region portions 15 are continuously 
formed in the horizontal direction, whereby the mixing of 
signal charges in the vertical direction can be prevented. 
The positions of the impurity region portions 15 are 
preferably deeper than the vertical transfer registers 2, 
but this layout is not limitative. 
[Second Embodiment] 

Now, a solid state image pickup device in a second 
embodiment will be described below. It should be noted 
here that only the difference between this embodiment and 
the above-described first embodiment will be described. 

Figs. 3A and 3B are schematic diagrams showing an 
exemplary configuration of a major part in the second 
embodiment of the solid state image pickup device 
according to the present invention. As shown in the 
figures, the solid state image pickup device described 
here has a configuration in which impurity region 
portions 15 are formed in a plurality of stages in the 
depth direction of the semiconductor substrate. 

Such impurity region portions 15 can be formed by 
implanting the ions of a p-type impurity into the Si 
substrate 10 while appropriately changing the 
implantation energy, the implantation being separately 
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conducted in a number of times corresponding to the 
number of the stages. 

In the solid state image pickup device configured 
as above, the impurity region portions 15 continuing in 
the horizontal direction are formed in a plurality of 
stages, so that a potential barrier more satisfactory 
than that in the first embodiment can be formed between 
the photo- sensors 1 adjacent to each other in the 
vertical direction. Therefore, the mixing of signal 
charges between the adjacent pixels can be prevented more 
effectively than in the case of the first embodiment. 
[Third Embodiment] 

Now, a solid state image pickup device according to 
a third embodiment will be described below. It should be 
noted here that only the difference between this 
embodiment and the first or second embodiment will be 
described . 

Fig. 4 is a schematic diagram showing an exemplary 
configuration of a major part in the third embodiment of 
the solid state image pickup device according to the 
present invention. As shown in the figure, the solid 
state image pickup device being described here has a 
configuration in which, separately from the impurity 
region portions 15, channel stop region portions 16 are 
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formed between the photo-sensors 1 adjacent to each other 
in the vertical direction and in the vicinity of the 
surface of the semiconductor substrate. Like the overflow 
barrier region 12 or the impurity region portions 15, the 
channel stop region portions 16 are comprised of an 
impurity of the second conduction type, i.e., for example, 
p-type impurity regions. Incidentally, the impurity 
concentration in the channel stop region portions 16 is 
preferably higher than that in the impurity region 
portions 15, but this is not limitative. 

In the solid state image pickup device configured 
as above, the channel stop region portions 16 are formed 
in the vicinity of the surface of the semiconductor 
substrate, with the result that regions having a 
potential of nearly 0 V are extended. Therefore, the 
discharge of holes accumulated in the overflow barrier 
region 12 to the surface of the semiconductor substrate 
can be achieved more effectively than in the case of the 
first embodiment, which contributes to prevention of the 
mixing of signal charges between the adjacent pixels. 
[ Fourth Embodiment ] 

Now, a solid state image pickup device according to 
a fourth embodiment will be described below. It should be 
noted here that only the difference between this 
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embodiment and the above-described first to third 
embodiments will be described. 

Fig. 5 is a schematic diagram showing an exemplary 
configuration of a major part in the fourth embodiment of 
the solid state image pickup device according to the 
present invention. As shown in the figure, the solid 
state image pickup device described here has a 
configuration in which an interface in the depth 
direction of the overflow barrier region 12 formed on the 
deep layer portion side of the semiconductor substrate, 
i.e., on the deep layer portion side of the photo- sensors 
1 and the vertical transfer transistors 2, specifically, 
the interface between the overflow barrier region 12 and 
the semiconductor region 13, is formed in a projected and 
recessed shape, and a projected portion in the projected 
and recessed shape is located at a position corresponding 
to a position between the photo-sensors 1. In other words, 
the overflow barrier region 12 is formed to be deeper in 
the lower layer region of each photo- sensor 1 and be 
shallower in the surrounding regions. Incidentally, the 
depth direction here means the direction of spacing away 
from the surface of the solid state image pickup device. 
The projected and recessed shape means a non-flat state, 
and includes not only the state of being provided with 
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angular projected and recessed portions but also the case 
where the corner portions (originally angular portions) 
of the projected and recessed portions are moderately 
rounded off. 

The overflow barrier region 12 having such a 
projected and recessed shape can be formed, for example, 
by a method in which an annular photoresist pattern 
surrounding each photo- sensor 1 is provided so as to 
regulate the range of Si ions implanted at the time of 
forming the overflow barrier region 12 . The regulation of 
the range of the Si ions is carried out by regulating the 
film thickness of the photoresist. 

In the solid state image pickup device configured 
as above, the overflow barrier region 12 having the 
projected and recessed shape is provided, and each 
projected portion in the projected and recessed shape is 
located at a position corresponding to a position between 
the photo-sensors 1, so that the projected portion 
functions as a sideways barrier for preventing the 
movement of signal charges. Therefore, the projected 
portions, together with the impurity region portion 15 
continuing in the horizontal direction, constitute a 
sufficient potential barrier between the photo-sensors 1, 
whereby the mixing of signal charges between the adjacent 
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pixels can be prevented more effectively than in the case 
of the first embodiment. In addition, since the movement 
of signal charges on the deep layer portion side of the 
semiconductor substrate is prevented, smearing which 
would otherwise occur through the deep layer portion can 
be prevented effectively, and, as a result, an enhanced 
image quality can be contrived. 
[Fifth Embodiment] 

Now, a solid state image pickup device according to 
a fifth embodiment will be described below. It should be 
noted here that only the difference between this 
embodiment and the above-described first to fourth 
embodiment will be described. 

Figs. 6 A and 6B are schematic diagrams showing an 
exemplary configuration of a major part in the fifth 
embodiment of the solid state image pickup device 
according to the present invention. As shown in the 
figures, the solid state image pickup device being 
described here has a configuration in which, in addition 
to the impurity region portions 15, first barrier region 
portions 17 are each formed at a position between the 
photo-sensors 1 adjacent to each other in the vertical 
direction and shallower than the impurity region portions 
as viewed from the face layer portion side of the 
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semiconductor substrate. Like the impurity region 
portions 15, the first barrier region portions 17 are 
each comprised of an impurity of the second conduction 
type, i.e., for example, a p-type impurity region. The 
impurity concentration in the first barrier region 
portions 17 may be comparable to that in the impurity 
region portions 15. It should be noted here that the 
first barrier region portions 17 are not continuous in 
the horizontal direction as the impurity region portions 
15, but are formed in island form only at parts of the 
portions between the photo- sensors 1. In other words, the 
first barrier region portions 17 are formed at a 
comparatively low energy of several tens of kilo electron 
volt . 

In the solid state image pickup device configured 
as above, the mixing of signal charges between the 
adjacent pixels can be prevented by the impurity region 
portions 15 formed continuously in the horizontal 
direction, and, in addition, since the first barrier 
region portions 17 present in island form, the barrier 
between the adjacent pixels can be further enlarged and 
the mixing of signal charges can be made more difficult, 
as compared with the case of the first embodiment. 
Therefore, this embodiment is particularly effective in 
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the case where the overflow barrier region 12 is formed 
at a deep position for the purpose of enhancing the 
sensitivity. Furthermore, this embodiment is very- 
effective also in the case where the P-type impurity 
concentration in the vicinity of the surface between the 
adjacent pixels is so low that an inconvenience might be 
generated. Moreover, the presence of the first barrier 
region portions 17 ensures that, even in the case where 
the overflow barrier region 12 is formed at a deep 
position, the discharge of the holes accumulated in the 
overflow barrier region 12 to the surface of the 
semiconductor substrate can be achieved more effectively 
and easily than the case of the first embodiment. 
[Sixth Embodiment] 

Now, a solid state image pickup device according to 
a sixth embodiment will be described below. It should be 
noted here that only the difference between this 
embodiment and the above-described first to fifth 
embodiments will be described. 

Figs. 7A to 7C are schematic diagrams showing an 
exemplary configuration of a major part in the sixth 
embodiment of the solid state image pickup device 
according to the present invention. As shown in the 
figures, the solid state image pickup device described 
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here has a configuration in which, in addition to the 
impurity region portions 15, second barrier region 
portions 18 continuing in the vertical direction are 
formed on the lower side of the vertical transfer 
registers 2, along the vertical transfer registers 2. 
Like the impurity region portions 15, the second barrier 
region portions 18 are each comprised of an impurity of 
the second conduction type, i.e., for example, a p-type 
impurity region. 

In addition, the second barrier region portions 18 
may be formed at the same depth as the impurity region 
portions, or may be formed at a depth different from that 
of the impurity region portions 15. It should be noted 
here that where the second barrier region portions 18 are 
formed at the same depth as the impurity region portions 
15, the two kinds of portions can be formed by one time 
of ion implantation, for example, by changing the 
patterning from a stripe pattern to a lattice pattern at 
the time of implanting the ions of a p-type impurity. 

In the solid state image pickup device configured 
as above, the second barrier region portions 18 are 
formed in addition to the impurity region portions 15, so 
that the portion of each photo- sensor 1 is surrounded by 
these portions. Therefore, not only the mixing of signal 
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charges between the adjacent pixels in the vertical 
direction can be prevented, but also the mixing of signal 
charges in the horizontal direction and skew directions 
can also be prevented. 

In addition, in the case where the second barrier 
region portions 18 are formed in addition to the impurity 
region portions 15, it may be contemplated to form the 
overflow barrier region 12 in the projected and recessed 
shape and locate each projected portion of the projected 
and recessed shape at a position corresponding to a 
position between the photo-sensors 1, as has been 
described in the fourth embodiment above (see Fig. 5) . In 
this case, since the impurity regions are arranged in a 
lattice pattern by the impurity region portions 15 and 
the second barrier region portions 18 in the solid state 
image pickup device in this embodiment, it may be 
contemplated that the projected portions of the overflow 
barrier region 12 are also arranged in a lattice patten 
corresponding to the impurity region portions 15 and the 
second barrier region portions 18. According to such a 
configuration, the movements of signal charges in both 
the vertical and horizontal directions on the deep layer 
portion side of the semiconductor substrate can be 
prevented, so that smearing which might otherwise be 
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generated through the deep layer portion can be prevented 
effectively, and, as a result, an enhanced image quality 
can be contrived. It should be noted here that the 
projected portions in the overflow barrier region 12 may 
naturally be arranged in a stripe pattern instead of the 
lattice pattern. 

Incidentally, the above-described first to sixth 
embodiments are merely specific examples realizing the 
present invention, and the present invention naturally is 
not limited to them. For example, while the case in which 
the photo-sensors 1 are arranged in a two-dimensional 
matrix pattern and the impurity region portions 15 each 
continue in the horizontal direction over the range of a 
plurality of pixels has been taken as an example in each 
of the above embodiments, in the case of applying the 
present invention to a line type CCD sensor, an image 
pickup region is composed of one column of photo- sensors 
and a transfer register along them, so that it suffices 
that the barrier region portions each continue in a 
direction orthogonal to the transfer direction of the 
transfer register over roughly the entire region of the 
image pickup region. 

Besides, while the case of applying the present 
invention to a CCD type image pickup device using an n- 

28 



S03P1374 



type semiconductor substrate has been taken as an example 
in each of the above-described first to sixth embodiments, 
it may be contemplated to similarly apply the present 
invention to other solid state image pickup devices such 
as, for example, CMOS (Complementary Metal Oxide 
Semiconductor) image sensors. 

Industrial Applicability 

As has been described above, the solid state image 
pickup device as set forth in claim 1 of the present 
invention includes the impurity region portions each 
formed at a position corresponding to a position between 
the photo-sensors and continuing over roughly the entire 
region of the image pickup region, so that a sufficient 
potential barrier can be formed between the photo-sensors. 
Therefore, even in the case where the overflow barrier is 
formed at a deep position for the purpose of enhancing 
the sensitivity per unit area, the mixing of signals 
between the adjacent pixels can be prevented, the holes 
accumulated in the overflow barrier can be discharged to 
the device surface side, and, as a result, an enhanced 
picked-up image quality can be contrived. This, further, 
promises a contribution to the reduction in size of the 
solid state image pickup device. 
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